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NOTES CN SOME EXPERIMENTAL ILLUSTRA-

TIONS OF STREAM LINE FLOW AND APPARATUS. 

Read by MR. JAS. ALEX. SMITH, zoth Sept., 1902. 

INTRODUCTION. 

The present paper is rudimentary, first, because it was origin-
ally intended to submit the subject matter in the form of an 
exhibit; secondly, because it seemed that illustrations ,of those 
elementary types, most. nearly concerning the every-day re-
quirements of the engineer, were lacking. 

No attempt will be made to enter into the historic aspect 
of the question. The work of the many scientists who have 
dealt with the theory during the past half century is well 
known, but the means employed were of such extreme diffi-
culty that solutions - were possible in the simplest instances 
only, and required the use of mathematics of the highest order. 
Until some five years ago, when Professor Hele-Shaw made 
known his experimental method, the subject was, merely as a 
matter of course, outside the scope of the practical engineer. 

The system referred to permits of a study of the arrange-
men of thin, coloured lines subdividing a plane sheet of clear 
fluid passing as a current through a channel formed by a. paper 
templet clamped between glass plates. The channels may be 
of any form, partial obstructions may also be introduced. 

The system is always fruitful of suggestions, and whether 
corroborating or controverting a priori ideas, it is valuable in 
that it renders visually evident, simply and with sufficient 
accuracy for all technical purposes, those curves hitherto only 
—if at all—attainable by plotting the results of abstruse cal-
culations. Considered in this light, the method is an auto-
matic means of arriving at a graphic representation of lines of 
flow in planes; up to that point mathematics are wholly 
eliminated, but too much must not he expected ; the same 
acquaintance with the general conditions involved is required, 
the same special knowledge is essential for correct interpreta-
tion, and the same limitations exist whether the diagrams are 
arrived at physically or mathematically. 

The method has not yet reached the text-book stage, exhaus-
tive records are not available, and, except perhaps in naval 
architecture, applications to practical work do not appear to 
have been published. Naturally many may hesitate to use 
without guidance the new tool now within their reach ; it is 
hoped that the simple apparatus to be, described _ (believed to 
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* Vide original paper, published in the Report of the British Association 
for 1898. 

t Vide papers by Prof. Hele-Shaw, and by that gentleman in collabora-
tion with Mr. -Hay. An example of 'a particular case has also been placed 
before the Institute by Mr. W. Stone. 
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be in sane ..respects :.novel) :.may, :. together, with_ a few .general 
hints and examples, induce them to consider the matter for 
themselves. 

At the conclusion of these notes it is proposed to project on 
the screen enlargements of actual fluid streams, selected from 
a series of experiments by the ;writer,,undertaken, after a search 
had failed, to reveal in the 'work of. others that which he re-
quired,. Two or three of the cases are ' not novel, but are in-
cluded for , the sake-  of completeness. For purposes of 
reference, photographs from unretouched negatives are ap-
pended, but apart from the fact that minor detail ; is lost ; in 
reproduction, it is necessarily impossible to depict the effects of 
motion, whether _constant, or intermittent, of variation in flow, 
or of the growth and extinction_ of form., . 

The identity of the lines obtained experimentally with those 
arising from the •flow of a. perfect fluid-has been demonstrated 
mathematically by Sir G. G. Stokes*. The tenuity of the film 
has been proved to introduce viscosity :effects which dominate all 
other causes, with the result--paradoxical as it may seem— 
stated. This introduces the first limitation. Water is an 
imperfect, viscous 'fluid, and, if 'adjoining ' parts have a dif-
ferential motion, exceeding a certain' finite amount or critical 
velocity, discontinuous or eddying flow results. It is the object 
of the designer to construct channels where such conditions 
shall be minimised. When the problem admits of the variation 
of the constants until all streams at contiguous points shall 
progress 'at the sameà velocity, or differ by less than the critical 
amount, the object will have been attained. 

If the coloured lines be reduced to the least width observable, 
their effect upon the general flow bcomes negligab:le;' their sole 
function is then to mark the boundaries • of the individual clear 
streams, obviously—premising initial equality-the velocities 
of the latter will be at all parts_inversely as the widths: From 
known 'relative velocities, relative pressures may be readily 
deduced. 

The demonstration is not restricted to hydrodynamics. A 
perusal of the illustrations will disclose that it is equallyappli`-
cable in electricity' and magnetism, to thermal problems and 
to the distribution, stresses and strains arising from these and 
other physical forces: t 

By extending the treatment from simple planes, , to series of 
sectional planes, flow in three' dimensions may be attacked. 
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DESCRIPTION AND USE OF INSTRUMENTS. 
Bate L 

Figs I and 2. 
(a) a brass frame. 
(b) a glass plate with bevelled edges, secured against the 

plane face of the frame (a) by— . 
(c) a, fixed brass V strip and— 
(d) an adjustable V strip set up against the edge of the 

glass by— 
(e, e) adjusting screws and plates, and secured against the 

frame by- 
(f) set screws. 
(g) a channel in the face of (d), communicating with— 
(h) a tube admitting clear fluid under a 'minimum head 

of about 4 inches. 
(i) a second channel in the edge of (d), communicating 

with-- 
(j) a tube supplying coloured liquid under a head of about 

12 inches. 
(k) one of a series of notches permitting the coloured 

fluid to reach the clear flow as thin lilies. Notches 
are found to be more easily formed and cleaned than 
simple perforations. 

((1) milled headed screws pressing—
m) a Ioose glass plate against the templet in use and the 

fixed glass-plate (b). 
(n, n) are spring clips to secure a mask and also a sensi-

tive plate when photographing. 
For enlarged results the instrument may be used in conjunc-

tion with the optical lantern. 
The nature and operation of the simpler instrument illus-

trated in Figs. 3 and 4 will be obvious ; the essential difference 
between this and the preceding apparatus is that a nickelled 
brass plate replaces the frame, fixed glass plate and V strips, 
and that the flow is observed by reflected light in contrast with 
the white metallic background. The instrument is not so 
readily adapted for optical projection as that last described. 

Photographic records may be secured in the case of the 
second instrument by the use of the camera in the usual way. 
In the case of the first apparatus (Figs. 1, 2) the camera may 
be suppressed and shadowgraphs taken direct by placing a 
sensitive plate under the clips (n, n), and allowing light to 
reach it, after passing through the flow, from a small radiant. 
All the photographs appended were obtained thus, by expos-
ing Ilford (slow) "process" plates for 20 seconds to the light from 
a 00000 acetylene burner flame, backed by a reflector and. lim-
ited by a 1/12in...hole in a diaphragm lin. from the flame and 
12ín. from the plate. 
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The templets were of cartridge. paper 11100in. thick, but for 
more rigidly accurate investigations 1/250in. may be used with 
glycerine instead of water. The templets may be permanently 
affixed to glass strips by bichromated glue. Analine " scarlet 
R R." is an efficient colouring substance, about 30grs. per pint 
suffices, except when photographing, when it is advisable to 
use it rather more freely to secure actinic. opacity. 

The instrument was used in a vertical plane; this accounts 
for the "droop" in the flow at some of the free horizontal dis-
charges. 

In experiments on obstructed flow the equivalent of an 
infinite plane stream is sometimes required, and is obtained 
thus :—Place a small scale templet in the widest available 
parallel channel, note the contour of the lines at some point 
intermediate between the obstacle and the wall of the channel, 
and construct a second channel to that contour; repeat the 
process if a second approximation be necessary. 

DESCRIPTION OF PHOTOGRAPHS. 

N.B.—The cuts are from unretouched negatives, reduced from 
24 in. square. 	The initial flow is from the top towards the 
bottom of the plate. 

Plate II. 
Fig. 1. Simple flow in a parallel channel, demonstrating 

the regularity and constancy of the effects undér 
constant conditions. 

2. Flow through a thin-edged apperture in a diaphragm in, 
and normal to, a parallel passage. 

3. Flow passing through a parallel channel, normal to a 
diaphragm, into a plane, infinite except where bounded 
by the diaphragm. 

4. Similar to 3, except that the channel is not normal to 
the diaphragm. 

Note.—In 3 and 4 the ultimate flow tends to assume a 
radial direction. 

5. Section of vena contracta. 
6. Section of nozzle according to "Molesworth." 
7. Section of the throat of the Lend. Met. Fire Brigade 

standard lin. nozzle. 
8. Section of complete lin. do. 

Plate III. 
9. Section of iin. do. 

Note (a).-7, 8 and 9 are the type in use in Melbourne and 
are from profiles kindly supplied by the _D.0.0. 

Note (b).—Group 5 to 9. If the relative velocities of the 
component streams be observed, it will be seen that in the 
section of the vena contracta, at the orifice of efflux, a consider-
able difference exists, that it is less in the "Molesworth" nozzle, 
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and almost disappears in the L.F.B. type. Inference : That the 
greatest co-efficient of efflux does not necessarily connote the 
most solid or persistent form of discharge. 

10. Lines of flow in a natural watercourse. 
11. Section of "square" elbow, or drain. 
12. Section of "round" elbow, or quarter bend. 
13. Section of reducing "T," or offtake at 90deg. from a 

channel. 
14. Section of "cross," or opposite offtakes. 
15. Section of a passage through a partially closed stop-

cock. 
16. Section of a passage through a partially opened sluice 

or obstructed channel. 

Plate IV. 
17. Flow around a disc in a parallel passage. 
18. Flow around the section of a valve in a chamber. 
19. Flow (in a parallel passage) around a bridge pier, 

etc. There is also an analogy to a projectile in flight. 
Note the splitting of the stream at the apex, re-union 
at the rear and the sheltered space corresponding to 
that occupied by powder gases at high muzzle velo-
cities. 

20. Flow into and from a tube (in section) projecting nor-
mally through a diaphragm in a parallel straight pas-
sage. 

21. Flow from a "source" to a "sink" in a rectangular 
chamber, when the supply is limited to approximate 
the static condition. 

22. The same, developed by increased discharge. 
23. Disturbance of lines of flow in a parallel straight pas-

sage, caused by a shallow lens, or dish-shaped cavity 
worked in one of the glass plates. 
Note the strongly marked interrelation of velocity 
and pressure. 

24. Disturbance in flow in a parallel straight channel 
caused by a "sink" or perforation through one of the 
glass plate. Note.—This is the limiting case in a 
series such as 23. 

JAS. ALEX. SMITH. 

Discussion, loth Sept. 1902. 
Mr. Smith illustrated his paper by the apparatus, and by 

optically projecting various flows on to the lantern screen. 

Mr. G. A. Turner (chairman) complimented Mr. Smith on the 
exhibit, which required both patience and ingenuity to pre-
pare. It was a method that put before the members in a 

64 
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very graphic manner a great many mistakes that were made 
in practice. They could not but admire the difficulties Mr. 
Smith had to overcome in dealing with the negatives, water, 
coloring matter, etc'. 	It was the first thing he had seen 
of the kind, and perhaps to other members it might also be 
novel. 

Mr. Stone wished to congratulate Mr. Smith on the improve- 
ments he had made in Professor Hele-Shaw's apparatus. 	He 
had overcome the trouble of air bubbles. The experiments 
had been made in very shallow channels, in a number of the 
illustrations that Mr. Smith had shown, for instance, going 
round points and branches and so on. If the distance be-
tween the plates were increased, it might be found whether 
eddies formed, an•d also something of their form. Most of 
these cases did not seem to indicate really the flow which took 
place through pipes or channels. 

Mr. Champion said that if the conditions of flowing streams 
in circumstances similar to those mentioned by Mr. Stone 
were correctly indicated by the• stream line flow shown by these 
illustrations, then they had something that must be very 
useful to them, and something that should at once, if possible, 
be distributed to all engineers who dealt with the flow of water 
in channels or pipes. It showed, at any rate, what parti-
cular methods of construction to avoid. Subject, of course, 
to the limitations mentioned by Mr. Stone, he thought the 
plates would be found very useful indeed. They had illustra-
tions many years ago of the conditions in the flow of streams 
in various circumstances ; of course they were not arrived at 
in the same manner as that adopted in this case, yet they 
showed that earlier investigators had arrived at some similar 
conclusions. 

There were in and around Melbourne many examples of con-
struction in connection with the conveyance of water that must 
be condemned, and he thought that if the gentlemen who had 
designed them had had illustrations such as those in front of 
the institute they would never have entertained such ideas. 

He thought that it was a subject that might be pursued 
with advantage to all concerned. 

In reply to a question by Mr. W. Stone in reference to 
the deviation of lines in magnetic analogies, Mr. Smith  said 
the system of approximating an infinite plane would be found 
in that part of the paper taken as read. The magnetic 
analogy would refer to the lines in such a plane cutting or 
lying in a magnetic field ; the procedure would be used to 
define the conditions in such integral plane or section. 
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Discussion, Oct. 1, 1902. 

Mr. Higgins (Chairman) said that Mr. George Gordon, our 
great authority on the flow of rivers, was not present at the 
meeting. He thought Mr. Gordon had studied the flow of 
rivers as much as, perhaps, most living men had. There were 
not many members who had interested themselves in the 
subject, so if Mr. Smith had any further remarks to make 
the members would be glad to hear him. 

Mr. J. A. Smith, in replying, said the subject might be 
greatly amplified, but the remarks he had to offer would be 
confined to points raised in discussion. Mr. Stone and Mr. 
Champion each dealt with the subject from the same point 
of view, and that simplified the reply. As to the connection 
between the linen afforded by the apparatus and actual 
hydraulic flow, in the latter case various factors contribute 
towards setting up disturbed flow; but that exercising the 
greatest effect is undoubtedly the differential motion of ad-
joining parts of the current. Assume that some part of a 
stream tended to move at velocity x, and some other part 
not far removed, at velocity xn ; then surface tension, or the 
"tensile tenacity" of the water acting as a connecting link, 
a "couple" would tend to form, and eddy ensue. In a perfect 
frictionless fluid no such "couple" could exist, but still the 
distribution of velocity in such a fluid, as shown by the ex-
perimental illustrations, revealed the location, and degree 
of the causes acting to produce such disturbances in an im-
perfect fluid. It is the designer's object to remove, by varia-
tion of contour, etc., so far as possible, all velocity differences 
in the stream on each normal to the general flow. 	The 
suggestion that thicker templets be used, with a, view of 
ascertaining where eddy effects take place, has. been tried, 
but • although of value in respect to other phenomena, it is 
not so efficient for the purpose cited as that process just 
described. It is indirect; the former is direct and may be 
studied at leisure, whilst the indirect method requires the 
complications of instantaneous photography for its complete 
observation. 
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